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ABSTRACT 


Test  data  are  reported  for  a  spin-stabilized,  low-drag  projectile 
without  and  with  bore  riders  mounted  at  various  angles  of  cant  with 
respect  to  the  shell  axis.  Wind-tunnel  tests  were  performed  with  and 
without  spin  at  four  Mach  nunfcers  evenly  spaced  from  1.75  to  2.5; 
some  of  the  resulting  aerodynamic  coefficients  are  plotted  versus  spin 
rate,  angle  of  attack  or  Mach  number. 
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I .  INTRODUCTION 


The  range  of  an  artillery  system  is  the  distance  over  which  the 
system  is  able  to  deliver  a  given  explosive  payload.  It  is  of  greatest 
interest  to  the  military  to  make  this  distance  as  far  as  possible. 

Gillen  an  initial  velocity  and  weight,  it  is  the  aerodynamic  shape  and 
the  flight  attitude  of  the  projectile  which  determine  its  drag,  and 
thereby  its  range  of  flight.  Range  and  drag  are  related  such  that  the 
lower  the  drag  the  further  the  projectile  will  fly.  To  reduce  the  drag, 
a  projectile  needs  an  optimum  shape  and  a  stable  attitude  at  small 
angles  of  attack. 

The  Picatinny  Arsenal,  Dover,  New  Jersey,  serving  as  principal 
investigator,  and  the  Space  Research  Corporation  (SRC),  North  Troy, 
Vermont,  have  proposed  a  projectile  consisting  of  a  long  ogive  combined 
with  a  boattail  to  fulfill  the  above  mentioned  requirements  of  shape 
and  attitude.  The  in-bore  support  is  provided  by  four  aerodynamical ly 
shaped  riders  mounted  on  the  ogive  and  a  discarding  sabot  located  at 
the  maximum  diameter  of  the  projectile. 

Previously,  the  feasibility  of  such  a  design  had  been  demonstrated 
in  a  parametric  wind-tunnel  study  (unpiiblished)  and  a  limited  free- 
fiight  testl*  of  a  pilot  project  that  was  carried  out  at  the  Exterior 
Ballistics  Laboratory  (BRL).  The  present  wind-tunnel  investigation  at 
BRL  is  a  further  contribution  to  Picatinny  Arsenal's  research  effort 
in  extending  the  range  of  an  artillery  system.  The  test  permits  a 
study  of  specially  shaped  and  canted  bore  riders  and  their  effect  on 
the  aerodynamic  characteristics  of  the  basic  projectile. 


II.  EXPERIMENTAL  INVESTIGATION 

A  wind  tunnel  test  of  five  configurations,  the  differences  of 
which  are  all  in  the  bore  riders,  was  performed  in  the  Supersonic 
Wind  Tunnel  No.  1  of  the  U.S.  Array  Ballistic  Research  Laboratories  for 
the  principal  investigator,  Picatinny  Arsenal,  in  March  1973.  Figure 
1  illustrates  the  installation  of  the  test  model  in  the  wind  tunnel. 

A.  Equipment 

2 

The  Supersonic  Wind  Tunnel  No.  1  has  a  flexible,  two-dimensional 
nozzle  that  is  calibrated  for  fifteen  Mach  numbers  between  1.5  and  5.0 
with  an  accuracy  of  0.01  absolute  value.  The  air  density  can  be  varied 

to  cover  a  Reynolds  nunber  range  from  0.04  x  10^  to  0.3  x  10^  per 


Referenaee  are  listed  on  page  22. 
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centimeter.  The  supply  pressure  can  be  varied  from  25  to  500  cm  Hg  in 
continuous  operation.  I^e  test  section  measures  38  cm  high  and  33  cm 
wide,  and  allows  testing  of  models  of  5  cm  diameter  and  25  cm  length  at 
the  most  critical  Mach  number  of  1.50.  The  angle  of  attack  of  the  model 
can  be  changed  from  -10  to  +15  degrees. 

A  six-component,  strain-gage  balance  was  used  to  measure  the  aero¬ 
dynamic  forces  and  moments.  The  balance  has  the  following  capacities 
(with  reference  to  the  center  between  gages) . 

900  N  normal  force  3400  N»cm  pitching  moment 

450  N  side  force  1400  N.cm  yawing  moment 

350  N  axial  force  700  N.cm  rolling  moment 

Tlie  design  of  the  projectile  is  shown  in  Figure  2.  The  model 
consists  of  an  ogive  of  4.6  calibers  length,  essentially  no  cylindrical 
section,  and  a  boattail  length  of  1.5  calibers.  Four  bore-riding  nubs 
are  mounted  on  the  ogive.  Tbese  nubs  are  aerodynamically  shaped  to 
reduce  thr  drag.  The  five  configurations  which  were  tested  in  the  wind 
tunnel  program  have  changes  only  in  the  bore  riders:  no  riders, 
and  cants  of  the  lengthwise  rider  axis  to  the  shell  axis  of  0°,  7®,  11® 
and  15®. 


Code 

80.00 

83.00 

83.07 

83.11 

83.15 


Table  I.  Model-Configuration  Nomenclature 


Description 


Basic  model:  4.6  caliber  ogive,  1.5  caliber  boattail, 
no  bore  riders 

Basic  model  with  bore  riders  at  0®  cant  to  the  shell  axis 

Basic  model  with  bore  riders  at  7®  cant  to  the  shell  axis 

Basic  model  with  bore  riders  at  11®  cant  to  the  shell  axis 

Basic  model  with  bore  riders  at  15®  cant  to  the  shell  axis 


The  model  is  equipped  with  an  air  turbine  which  provides  the  spin 
either  clockwise  or  counter-clockwise  depending  on  the  installation  of 
appropriate  nozzle  and  blades. 

B.  Procedure 

Hie  model  configurations  were  tested  under  the  following  conditions. 
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Figure  2.  Model  Geometry 


Table  II. 

Test 

Conditions 

Mach  Number 

1.75 

2.00 

2.25 

2.50 

Total  Pressure  -  cm  Hg 

114 

126 

142 

161 

Re/cm  X  10“^ 

0.20 

0.20 

0.20 

0.20 

A  boundary- layer  trip  (No.  80  abrasive  powder,  sparsely  populated, 
Smm  wide)  was  glued  onto  the  model  12.5  mm  from  the  nose  in  all  of  these 
runs.  Base  pressures  were  measured  through  a  pair  of  tubes  of  1.59  mm 
I.D.  mounted  on  the  top  and  bottom  of  the  supporting  strut. 

1.  Magnus  Force  Test.  Configurations  83.07,  83.11  and  83.15  were 
subjected  to  a  spin  test  to  measure  the  Magnus  force  and  the  Magnus 
moment.  Data  were  obtained  fo^"  all  runs  over  a  spin  range  of  at  least 
10,000  rpm  above  or  below  the  auto-spin  rate  (which  the  canting  of  the 
bore  riders  produces)  and  at  all  even  angles  of  attack  from  +14  to  -6 
degrees.  The  data  were  taken  either  while  the  model  was  coasting  down 
or  up,  depending  on  whether  the  model  had  been  spun-up  to  its  maximum 
or  slowed  down  to  its  minimum  spin  rate,  respectively.  The  limits  of 
these  spin  rates  were  dictated  by  the  available  pressure  of  the  air 
supply  and  the  efficiency  of  the  turbine. 

The  raw  data  were  reduced  to  coefficient  form  on  the  BRL  computer 
(BRLESC)  using  our  standard  program  for  Magnus  tests.  A  linear 
regression  was  performed  on  the  side-force  and  yawing-moment  data  of 
each  run.  A  translational  and  rotational  correction  was  applied  to  the 
side-force  and  yawing-moment  data  such  that  the  regression  of  the  data 
at  zero  angle  of  attack  was  reduced  to  zero.  Additional  corrections 
may  be  indicated  depending  on  the  further  analysis  of  these  data. 

2.  Static  Force  Test.  Configurations  80.00,  83.00  and  83.07 
underwent  a  static  ^orce  test  (no  spin).  The  angle  of  attack  was  varied 
from  +14  to  -6  degrees.  A  sample  reading  was  taken  by  the  data 
acquisition  system  automatically  every  two  seconds  corresponding 
approximately  to  a  change  of  one  quarter  of  a  degree  in  the  angle  of 
attack  of  the  model. 

The  raw  data  were  reduced  to  coefficient  form  on  the  BRL  computer 
(BRLESC)  using  our  standard  program  for  this  purpose.  The  angles  of 
attack  were  corrected  for  strut  deflections  due  to  aerodynamic  loads 
and  for  the  flow  inclination  in  the  wind  tunnel.  The  derivatives  of 
the  normal  force  and  of  the  pitching  moment  near  zero  angle  of  attack 
were  obtained  from  a  linear  regression  of  the  eleven  test  points 
between  +1.5  and  -1.5  degrees.  The  yaw  plane  data  from  these  static 
tests  were  not  corrected  for  strut  deflections  and  flow  inclinations. 
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III.  RESULTS 


The  data  are  presented  in  non-dimensionalized  fonii.  The  side-force 
coefficient,  Cy,  and  the  yawing-moment  coefficient,  C^,  from  the  Magnus 

tests  are  plotted  versus  spin  rate,  PD/V,  in  Figures  A1  and  A2, 
respectively,  for  the  bore-rider  configurations  with  cant  of  the  nubs 
of  7,  11  and  15  degrees.  The  uncorrected  yaw  data  from  the  static  tests 
(Cy  and  C^)  are  plotted  versus  angle  of  atta(:k,  a,  in  Figures  A3  and  A4, 

respectively,  for  the  model  configurations  without  bore  riders  and  with 
bore  riders  at  0®  and  7“  cant.  The  curves  of  the  side  force  and  of  the 
yawing  moment  due  to  spin  do  not  pass  through  the  origin  of  the  plot 
(Figures  A1  and  A2)  because  the  canted  bore  riders  produce  a  side  force 
at  zero  spin  (Figures  A3  and  A4).  However,  for  each  configuration, 

Mach  number,  and  angle  of  attack,  there  exists  a  spin  rate  at  which  the 
side  force  and  the  yawing  moment  are  zero.  For  this  situation,  the 
Magnus  coefficients  are  no  longer  independent  of  the  spin  rate  and  can¬ 
not  be  represented  as  a  constant  (i.e.  the  slope  of  the  data  curve)  at 
a  given  angle  of  attack  and  Mach  number.  Although  not  specifically 
shown  in  this  report,  it  should  be  noted  that  the  center  of  pressure  of 
the  side  forces  generated  by  the  nubs  at  zero  spin  and  angle  of  attack 
lies  well  behind  the  niib  position  and  in  the  vicinity  of  the  Magnus- 
force  center  of  pressure.  These  effects  have  been  observed  previously 
for  helical  serrations  oh  bullets  and  are  reported  in  reference  3, 


The  normal-force  coefficient,  Cj^,  the  pitching-moment  coefficient, 
the  base-axial-force  coefficient,  C^,  and  the  forebody-axial-force 
coefficient,  C^£,  are  plotted  versus  angle  of  attack  in  Figures  AS,  A6 
and  A7.  The  slope  of  the  normal-force  curve,  the  normal-force 
center  of  pressure,  N^,  the  forebody- axial- force  coefficient,  and 
the  base-axial-force  coefficient,  C^,  were  determined  for  angles  of 
attack  near  zero  lift  and  are  tabulated  in  Table  III. 


Table  III.  Summary  Data 


Configuration 

Mach  No. 

So 

N 

cp 

n 

> 

80.00 

1.75 

0.0333 

1.60 

0.162 

0.02^ 

2.00 

0.0356 

1.84 

0.151 

0.035 

2.25 

0.0371 

2.00 

0.134 

0.035 

2.50 

0.0388 

2.15 

0.127 

0.033 

83.00 

1.75 

0.0411 

1.80 

0.180 

0.034 

2.00 

0.0437 

2.01 

0.170 

0.039 

2.25 

0.0461 

2.18 

0.153 

0.038 

2.50 

0.0477 

2.37 

0.144 

0.037 
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Table  III.  Summary  Data  (Continued) 


Configuration 

Mach  No 

r 

^Na 

N 

cp 

^Af 

Cat, 

Ab 

85.07 

1.75 

0.0419 

1.81 

0.183 

0.039 

2.00 

0.0448 

2.03 

0.172 

0.044 

2.25 

0.0472 

2.18 

0.156 

0.043 

2.50 

0.0490 

2.31 

0.147 

0.041 

83.11 

1.75 

0.0426 

1.82 

0.184 

0.040 

2.00 

0.0454 

1.87 

0.174 

0.045 

2.25 

0.04';5 

2.18 

0.159 

0.042 

2.50 

0.0492 

2.31 

0.149 

0.041 

83.15 

1.75 

0.0421 

1.84 

0.190 

0.038 

2.00 

0.0447 

2.04 

0.179 

0.043 

2.25 

0.0464 

2.17 

0.162 

0.041 

2.50 

0.0493 

2.31 

0.155 

0.039 

As  could  be 

expected,  both  the  normal 

force 

and  the  forebody  axial 

force  of  the  projectile  are 

increased  by  the  bore 

riders.  The 

increase 

in  the  forebody 

axial  force 

amounts  to  17 

to  22% 

of  the  basic 

model 

(without  bore  riders)  within  the  Mach  number  range  of  the  test 
(M  =  1.75  to  2.50). 

In  Figure  3,  the  zero-lift,  axial-force  coefficients  of  various 
artillery  shells  are  compared  with  tl.e  results  of  the  present  study. 

4 

The  155mm  projectile  MlOl  is  a  conventionally  designed  and 
frequently  used  artillery  shell.  The  geometry  of  this  shell  is  composed 
of  a  2.69-caljber  ogive  nose,  a  1.39-(.aliber  cylindrical  section  with 
rotating  band  and  a  0,45-caliber,  8-dcgree  boattail.  The  zero-lift, 
axial-force  coefficients  of  the  MlOl  sJ  ell  range  from  0.311  (at  M  = 

1.75)  to  0.251  (at  M  =  2.50).  They  were  measured  in  BRL's  large  and 
small  free  flight  ranges  at  Reynolds  numbers  of  Re^^  =  15.8  x  10^  for  a 

full-scale  model  and  Re^^  =  1.3  x  10^  for  a  1/12-scale  model.  The  data 

for  both  models  show  good  agreement  at  supersonic  velocities. 

The  175mm  projectile  M437^  is  a  low-drag  shell  of  conventional 
design.  The  shape  of  this  shell  consists  of  a  2.91-caliber  ogive  nose, 
a  1.6-caliber  cylindrical  bodv  with  rotating  band  and  a  one-caliber, 
8-degree  boattail.  Its  zero-lift,  axial-force  coefficients  of  0.262  to 
0.211  over  the  Mach  number  range  of  the  test  (M  -  1.75  to  2.50)  present 
a  significant  improvement  in  drag  over  that  of  the  MlOl  projectile.  In 
a  more  recent  study^,  the  zero-lift,  axial-force  coefficients  of  a 
family  of  low-drag  shell  with  similar  shapes — 105mm  XM380,  T388,  and 
155mm  XM387 — were  compared.  These  coefficients  lie  between  those  of 
the  MlOl  and  the  M437  projectiles. 
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Figure  3.  Conparlson  of  the  Zero-Lift,  Axial-Force  Coefficients  of 
Various  Artillery  Shells  With  the  Results  of  This  Study 


The  highest  zero- lift,  axial-force  coefficients  which 

were  measured  in  the  present  investigation  range- from  0.228  Cat  M  =  1.75) 
to  0.194  (at  M  =  2.50)  at  a  Reynolds  number,  =  7  x  10^,  held  constant 

over  the  range  of  the  wind  tunnel  test.  TTiese  values  pertain  to  the 
model  configuration  with  bore  riders  of  15-degree  cant  spinning  at  the 
experimental  auto-spin  rate,  which  is  produced  by  the  cant  of  the  bore 
riders.  This  auto-spin  rate  lies  within  16%  of  the  matched-spin  rate, 
PD/V  =  2  tan  6;  and  within  this  range,  the  drag  coefficients  are  nearly 
constant.  Nevertheless,  the  drag  coefficient  is  still  lower  for  the 
configuration  with  zero-cant  of  the  bore  riders  and  no  spin.  This  test 
condition  simulates  the  actual  flight  condition  of  the  spinning  shell 
with  matched  cant  of  the  bore  riders. 

In  all  cases  of  the  present  investigation,  however,  the  drag  is 
less  than  that  of  the  conventional  and  low-drag  projectiles  used  in  the 
comparison,  and  thus  it  appears  that  the  advantage  of  the  long-ogive, 
low-drag  shape  is  not  nullified  by  the  necessary  bore  riders. 
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4.  Z3 

ZZZ 

z.  00 

83. 

15 

50Z544. 

6.  33 

2ZQ 

z  .  00 

83. 

15 

501980. 

10.  47 

ZI9 

z.oo 

83. 

15 

50Z543. 

:Z  .  50 

c-2.  Model  Configuration  with  15*  Bore-Rider  Cant  C83.15)  — 
Mach  Nunber  2.00 


Figure  Al.  Continued 
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SIDE  FORCE  COEFF. 


IDE  FORCE  COEFF. 


RUN  NUMBER 

MACH 

CONFIG 

RE/INCH 

ALPHA 

?I7 

2.00 

83. 

15 

500745. 

-6.  28 

?I6 

2.  60 

83. 

'5 

501 1 37. 

-4  '9 

RI5 

?.  60 

83. 

'5 

500745. 

-2.09 

214 

2  60 

83. 

15 

500823. 

-1.04 

?I3 

2.  50 

83. 

'5 

500876. 

-0.01 

?I2 

2  60 

83, 

15 

500840. 

1 . 04 

2t  1 

2.  60 

83. 

15 

50 1801. 

2  08 

?I0 

2.  60 

83. 

15 

502100. 

4.  10 

009 

2  60 

83. 

15 

501922. 

6.26 

?08 

2.60 

83. 

15 

502381 . 

0  33 

207 

2.  60 

83. 

15 

502626. 

10.35 

206 

2.  50 

83. 

15 

5031 13. 

12.  38 

205 

?.  50 

83. 

15 

502194. 

14  39 

0.  06 


0.  0^1 


0.  0? 


0.  00 


-Q.  0? 

-Q.  04 


-0.06 


PO/V 


c-4.  Model  Configuration  with  15**  Bore-Rider  Cant  (83.15)  — 
Mach  Nuafeer  2.50 


Figure  Al.  Concluded 
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C  nOtItNT  COLPr, 


RUN  NUMBER 

MACH 

CONK  I G 

RE/ INCH 

ALPHA 

6b 

'  .  /5 

83. 

17 

498151 . 

-6.  37 

67 

1 . 75 

83. 

07 

496550. 

-4.  ?3 

66 

1  .  75 

83. 

07 

496434. 

•2.  1  1 

65 

1 . 75 

83. 

07 

495827. 

-  1 . 04 

63 

!  .  75 

83. 

07 

493746. 

1 .06 

62 

!  .  75 

S3. 

07 

493639. 

2.  15 

61 

1 . 75 

83- 

07 

49204?. 

4.26 

60 

1  .  75 

83. 

07 

492626. 

6.  40 

59 

1 . 75 

S3. 

07 

492347. 

6  50 

58 

!  .  75 

83. 

07 

492100. 

10.  57 

57 

1.75 

83 

□  7 

493926. 

12.60 

56 

1  .  75 

S3. 

07 

494394. 

14.61 

I  I  I  T  I  I  I  I  1  t  I  I  I  I  I  I  I  I  I  I 
O.n  G.l  Q.?  2.  Z  O  J  Q.pj 

PD/V 

a-l.  Model  Configuration  with,  7*  Bore-Rider  Cant  (83.07)— 

Mach  Nuaber  1.75 

Figure  A2.  Yawing-Moment  Coefficient  versus  Spin  Rate 
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YAWING  nOriENT  COEFF. 
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"'AWING  nOMENT  COEFF. 


SYfl. 

♦ 

X 

n 

z 

V 

A 

B 

£ 


NUnSER 

riACH 

CONFIG 

RE/ INCH 

ALPHA 

!  1  1 

2.25 

83. 

07 

502199. 

-6.30 

'  10 

2.  25 

S3. 

07 

501777. 

-4.20 

109 

2. 25 

33. 

07 

501520. 

-2.  10 

106 

2.25 

S3. 

07 

501593. 

1 .04 

'□7 

2. 25 

83 

07 

50J38I . 

0.01 

!Ofi 

2.25 

S3. 

07 

501795. 

1 .05 

IDS 

2. 25 

S3. 

07 

501850. 

2.  10 

104 

2.25 

S3 

07 

500768. 

4.20 

103 

2.25 

83. 

07 

502 125. 

6.30 

'OP 

2. 25 

63. 

07 

502125. 

5  3’’ 

IQI 

2. 25 

33. 

07 

502660. 

10.4  1 

100 

2.  25 

S3. 

07 

502254. 

12.  44 

39 

2.  25 

33. 

07 

50297 1 . 

14.45 

Q.?  -j 


PD/V 

a-3.  Model  Configuration  with.  7"  Bore-Rider  Cant  C83.07)  — 

Mach  Nunfcer  2.25 


Figure  A2.  Continued 
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RUN  NUMBER 

MACH 

GQNF  IG 

RE/INCH 

ALPHA 

98 

2.50 

83. 07 

488427. 

-6.27 

97 

2.  50 

83.  07 

488053. 

-4.  16 

98 

2.50 

83.  07 

488547. 

-2.  IQ 

95 

2.50 

83.07 

487977. 

-  1 .05 

94 

2.50 

83.07 

488046. 

0.00 

93 

2.50 

63. 07 

488369. 

1 .03 

3?. 

2.50 

63.  07 

487724. 

2. 07 

31 

2.50 

83. 07 

468120. 

4.  16 

90 

2.50 

83.  07 

467626. 

6.25 

89 

2.50 

63  07 

469318. 

8. 30 

87 

2.  50 

83  07 

494988. 

12. 36 

86 

2.  50 

83. 07 

496459. 

14.36 

PH/W 

a-4.  Model  Configuration  with  7®  Bore-Rider  Cant  (83.07) — 
Mach  Number  2.50  (over-spin) 


Figure  A2.  Continued 
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YAWING  nONENT  COLFF. 


Yri. 

RUN  NUriBER 

MACH 

CCNFIO 

RE/ INCH 

ALPHA 

4 

'309 

2.  50 

63.07 

43552^. 

-6.26 

X 

306 

2.  50 

63. 07 

437359. 

-4.  '9 

307 

2. 50 

63.07 

4066 '7. 

-2.09 

S 

306 

2. 50 

63. 07 

49356'3 . 

1 .05 

V 

305 

2.  50 

83. 07 

500223. 

0.00 

A 

304 

2  50 

63  07 

5Q2C33'7. 

I  .  04 

B 

239 

2.  50 

83.07 

437237. 

2.  07 

£ 

236 

2.  50 

83. 07 

497623 

4.  17 

237 

2-  50 

83.07 

497447. 

6. 25 

296 

2.50 

83.07 

436235. 

5  3) 

235 

2.  50 

63.07 

438600. 

IQ.  34 

X 

234 

2. 50 

63  07 

493263 

'2. 36 

■ 

233 

2.  50 

63  07 

496786 

1  4 . 36 

"j .  r?  a .  '  Li  f-  a ,  a  a  ^  a 


FD/V 

a-5.  Model  Configuration  with  7®  Bore-Rider  Cant  (83.07) — 
Mach  Number  2.50  (under-spin) 

Figure  A2.  Continued 
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VAWING  MOMENT  COEFF. 


NUMBER 

MACH 

CONFIG 

RE/INCH 

ALPHA 

'30 

1 . 75 

S3. 

!  1 

439551 . 

-6.37 

'23 

!  .  75 

83. 

1  1 

500052. 

4.24 

126 

' .  75 

83. 

1  1 

500046. 

•2.  13 

127 

1 . 75 

S3. 

!  1 

433321 . 

-  1 .05 

!2B 

1 . 75 

63. 

1  1 

433921 . 

0.0! 

125 

1 . 75 

S3. 

1  1 

499737. 

1 . 07 

1.75 

63. 

1  1 

50017!. 

2  13 

'23 

1 . 75 

S3. 

1  1 

433542. 

4.27 

'22 

1 . 75 

S3. 

1  1 

500167. 

0.38 

121 

!  .  75 

S3. 

1  1 

438317. 

6.  48 

120 

1 . 75 

c,o 

Ow 

1  1 

499913. 

IQ.  55 

1  19 

1 . 75 

S3. 

1  1 

50023! . 

12.  56 

1  16 

!  .  75 

83 

1  1 

5002-75. 

14.60 

X 

X  + 
X  + 

'  *  • 


/X  *  •  ^ 

/  AV‘  .■ 

ff  +'  K  ■ 


e  ^ 


„  I  I  I  I 

£  g  2 

i'j  . 


%  *» 


Model  Configuration  with.  11®  Bore-Rider  Cant  (83.11) 
Mach  Nuuber  1.75  (over-spin) 


Figure  A2.  Continued 


''AW  INC  MOMENT  COEF  F. 


Yn. 

'\LIN  NbTiSER 

MACH 

CONFIG 

RE/ INCH 

ALPHA 

4 

PE6 

1 . 75 

.53 .  1  1 

50164 1 . 

-6.  36 

PES 

1 . 75 

53.  1  1 

501645. 

-  4 . 25 

1-,* 

P‘54 

1.75 

S3 .  1  1 

501696. 

-2.  12 

25.3 

! .  75 

60  1  1 

500774. 

-  1 . 05 

V 

252 

1.75 

63  .  M 

490S9  7. 

0.0! 

A 

251 

1.75 

63 .  II 

4992S3. 

'  .  08 

K 

250 

1 . 75 

53  '  1 

502303. 

2  14 

£} 

24g 

1.75 

60.  1  1 

501456. 

'l.  25 

4 

24B 

'.75 

S3 .  1  1 

502206 

6 . 3.3 

P'l? 

1.75 

SO.  I  1 

501530. 

6.  'IS 

4 

p/15 

1 . 75 

SO.  !  1 

502634. 

'□54 

P'lB 

1.75 

.S3.  1  ! 

502306. 

12  5S 

• 

P-M 

; .  75 

S3 .  1  1 

500626 

'4  59 

b-2.  Model  Configuration  vrith  11*  Bore-Rider  Cant  (83.11) 
Mach  Nunhur  1.75  (under-spin) 


Figure  A2.  Continued 
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RAWING  nOMENT  COEFF. 


RUN  NUMBER 

MACH 

CONFIG 

RE/INCH 

ALPHA 

!43 

2. 

GO 

eo.  !  1 

501967. 

•6. 35 

M? 

2. 

DO 

63.  !  1 

5026-10. 

•1.20 

I4t 

2. 

00 

63  '  1 

5025? ‘d. 

2  '2 

MQ 

2. 

00 

63.  1  1 

502195. 

•1.07 

139 

2- 

00 

63.  1  1 

501740. 

-Q.Ol 

136 

0 

L, 

DO 

63  1  1 

501902. 

1 . 06 

137 

2 

00 

83  M 

502033. 

2.  IQ 

1363 

2. 

00 

63.  1  1 

501616. 

1 . 24 

!35 

2 . 

on 

63.  1  1 

502169. 

6. 32 

134 

2. 

00 

63  1  1 

501 134. 

e  42 

133 

2 

□  0 

63.  M 

501613. 

'0.17 

13? 

2. 

DO 

63.  1  1 

500553. 

'2.  19 

131 

2. 

00 

63.  1  1 

500  73  1  . 

11.50 

0.  ■'»  ^ 


PD/ V 

b-3.  Model  Configuration  with  11°  Bore-Rider  Cant  (83.11)  — 
Mach  Nunber  2.00  (over-spin) 


Figure  A2.  Continued 
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■-'AWING  NONENT  COLFF- 


SYM. 

RUN  NUMBER 

MACH 

CONF  ]  G 

RE/ INCH 

ALPHA 

4 

?69 

2.00 

83.  1  1 

5025 19. 

-6. 35 

X 

?65 

2  00 

83.  M 

502510. 

-4.24 

?67 

2.00 

83.  1  1 

502618. 

-2.  !3 

V 

266 

2.00 

83.11 

502365. 

-  1.06 

265 

2.00 

83.  M 

502213. 

-0.0! 

A 

264 

2.00 

83.  1  1 

50163'^. 

!  .  05 

263 

2.00 

83  1  I 

502344. 

2.  1  1 

B 

262 

2.00 

83  1  1 

503027 

4. 

A 

261 

2.00 

83.  M 

5021 ! /. 

6. 35 

260 

?.  00 

63  M 

501636. 

s  43 

4 

269 

2  00 

63.  1  1 

501083. 

10.  43 

> 

26S 

2  00 

83  .  M 

50I73'7. 

12  52 

» 

267 

2  .  00 

83.  1  1 

50 !  35.5 

'4.51 

T 


■  '  ^  — I — I — I — I — r — \ — I — I — I — I — \ — I — r — I — I — I — ! — I — I — I 

Cl  D  G  .  0  ?  G  'i  0 .  ^  0 .  L 

•^G/V 

b-4.  Model  Configuration  with  11*  Bore-Rider  Cant  (83.11)  — 

Mach  Nunher  2.00  (under-spin) 


Figure  A2.  Continued 
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VAWING  MOMENT  COEFF. 


1 


NUMBER 

MACH 

CONE  I G 

RE/INCH 

ALPHA 

161 

2.25 

63.  I  1 

503472. 

6.29 

'60 

2.25 

63.  !  1 

504339. 

-4.  19 

'59 

2.25 

83.  1  1 

505206. 

-2.  IQ 

150 

2.25 

83.  !  1 

504007. 

-  1  -  04 

157 

2.25 

63.  !  1 

504500. 

0.  00 

'56 

2.25 

63.  !  1 

504063. 

'  .  05 

'55 

2.25 

63.  1  1 

504063. 

2.  10 

154 

2.25 

83.  1  1 

503326. 

4.20 

153 

2.25 

63  1  1 

504209. 

6.  30 

'52 

2  25 

.63.  '  1 

504266. 

0.  36 

0  0  '  0.2  0  :?  0.4  Q.o 


PO/V 

b-5.  Model  Configuration  vrith  11®  Bore-Rider  Cant  (83.11)  — 
Mach  Nunber  2.25  (over-spin) 

Figure  A2.  Continued 
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nOnLMT  COLFF. 


5Yn.  ‘^UN  NUMBER  MALH  CUNf-'IG  RE/2NCH  ALPHA 


273 

2.  2U 

C  1 

U-- 

1 1 

50307U. 

-  B  .  -1 1 

2 

07. 

1 1 

503073. 

--1. 22 

rn 

2. 2F 

6'j. 

1  i 

503702 

2  '2 

270 

2  20 

.03 

'  1 

503.3 1  2 . 

-1.05 

2-75 

?  .  20 

03. 

1  1 

503-703. 

■  0 . 0  1 

2.  2^ 

03. 

1 1 

503702. 

!  .  04 

2'73 

2.  20 

sJO  • 

1 1 

50-1262. 

2.  oe 

272 

2.  20 

<■■■•) 

1 1 

50-1330. 

4.10 

?'7  1 

2  20 

on 
JO  - 

1  ! 

50-1 !  32- 

n  .  23 

2 

2  20 

c*n 

'  1 

503135. 

5  j-1 

0 .  ‘1  -1 


U  P  U .  J  '? .  1 


FC/  V  - 

b-6.  Model  Configuration  *rith  11®  Bore-Rider  Cant  C83.ll)  — 
Mach  Nuniber  2.25  (under-spin) 

Figure  A2.  Continued 
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AW  INC  nonCNT  CULTF. 


5Yri. 

♦ 

A 

PO 

V 

A 


+ 

X 

■ 

D.  ■I  n 


NUriBER 

HACH 

CONFIG 

RE/ INCH 

Al.PHA 

'74 

2.  50 

63  '  1 

49067"'' . 

6.  27 

'73 

2  50 

Q3.  '  1 

50D43'<i. 

-4.  !  8 

172 

2.  50 

63.  '  1 

500652 

■2.  10 

17! 

2.50 

63.  '  1 

500260. 

-1.05 

'70 

2.  50 

63  1  1 

5016?'  . 

-0.0! 

'69 

2.  50 

63  1  1 

502 1 30 . 

1 . 03 

!68 

?  50 

63.  '  1 

5QI416. 

2  06 

'67 

2.  50 

63.  1  1 

50 1 4 ! 6 . 

-1.  17 

'66 

2  50 

83.  1  i 

50 1 057 . 

6.  25 

'65 

2.  50 

63.  '  1 

50:77‘i. 

6  O' 

164 

2. 50 

63  '  1 

502653. 

'0.  O-'i 

163 

2.  50 

63.  1  1 

50 1 94  1  . 

12. 

'62 

2.  50 

63  '  1 

50 1 966 

'  4 . 36 

1 


0  ■  i;!  j  ■  '  □  •  ?  :t  j 


f-  D/V 

b-7.  Model  Configuration  with.  11*  Bore-Rider  Cant  (83.11) 
Mach  Nunfcer  2,50  (over-spin) 

Figure  A2.  Continued 
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AWING  nOriENT  COEFF. 


f 


RUN  NUMBER 

MACH 

CONFIG 

RE/INCH 

ALPHA 

?3?. 

2.  50 

63.  I  1 

408752. 

•6.26 

?.33 

2.  GO 

83.  1  1 

408767. 

-2.  10 

233 

2.  50 

63.  1  1 

400613. 

1 . 05 

i-ee 

2.  50 

83.  1  1 

43008' . 

-0.01 

2. 50 

63.  1  1 

438917. 

1 . 03 

oafi 

2.  50 

83.  i  1 

501 192. 

2.  08 

2.  50 

63.  '  1 

501501 . 

4.  !0 

?Q^ 

2.  50 

83.  1  1 

502207. 

6.  27 

0G3 

2.  50 

63.  1  1 

501041 . 

6  33 

?eo 

2  50 

63.  '  1 

502869. 

IQ.  36 

26' 

2. 50 

63.  I  1 

502108 

'2.37 

2S0 

?.  50 

63.  1  1 

50 1  6 1 0 . 

1  4 . 36 

0.3  H 


Q.?  H 


0  !  H 


n  .. 


Q.  0 


G.  !  H  K 


Z  X  V 


“  5=  2  r 


-4  e 


*  '*  !»  I*  f-*i  * 

Jl  A  H 

. . .  •  •  •  *,;v' •* 

-  »s 


0.  ? 


_|  Iki 


-0.  3 


4 

)»  4. 

>*  V 


ft 


X*  / 

▼ 

K  ^ 

V 

A 


» 


T — r 


1 — m 


— 1 — I — I — I — I — I — I — I — I — I — I — I — I — I — I — ' — I — i — I — I 

;•»  O'  n.  ?  3  3  0.  ‘  3 

FD/V 

Model  Configuration  with  11®  Bore-Rider  Cant  (83.11)  — 

Madi  Nunber  2.50  (under-spin) 


b-8. 


Figure  A2.  Continued 
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YAwiNH  nonefJT  cofff. 


I 


SYI1. 

RUN  NUnBER 

flACH 

CONFIG 

RE/INCH 

ALPHA 

243 

1 . 75 

63.  15 

501444. 

-6.39 

i  X 

242 

1 . 75 

63.  15 

501568. 

-4.27 

'  M 

241 

1 . 75 

63.  15 

50IQ47. 

-2.  13 

24Cj 

1  .  75 

P3.  i5 

50I6SE. 

-  1 .05 

!  ^ 

1  > 

233 

1.73 

83.  15 

501307. 

0.00 

A 

230 

;  .75 

03.  15 

500453. 

1.06 

■ 

237 

1.75 

03.  15 

501665. 

2.  12 

■ 

236 

1.75 

03.  15 

501634. 

4.25 

A 

235 

1.75 

03.  15 

501750. 

6.37 

234 

1.75 

03.  15 

501602. 

6.46 

233 

1.75 

03.  15 

502255. 

10.53 

X 

232 

1.75 

03.  15 

501889. 

12.50 

• 

231 

1.75 

03.  15 

503002. 

14.56 

0.0  0.1  0.2  0.3  O.-l  0.5 


PD/V 

c-1.  Model  Configuration  with  15*  Bore-Rider  Cant  (83.15)  — 
Mach  Nuiii)er  1.75 

Figure  A2.  Continued 
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SYM. 

RUN  NUMBER 

MACH 

CONFIG 

RE/INCH 

ALPHA 

230 

2.00 

62.  15 

soieo'-:. 

-6.36 

229 

2.00 

83.  (5 

501604. 

-4.24 

V 

228 

2.  00 

83.  15 

502414. 

-2.  13 

A 

227 

2.00 

83.15 

501705. 

-  1 , 06 

B 

226 

2. 00 

83.  !5 

501073. 

0.02 

IB 

225 

2.00 

83.  15 

501073. 

1 . 05 

A 

224 

2.00 

83.  15 

502109. 

2.  10 

223 

2.00 

83.  15 

503354. 

4.23 

4- 

222 

2.00 

83.  !5 

502644. 

6.33 

X 

220 

2.00 

83.  !5 

501986. 

10.  47 

■ 

219 

2.  00 

83  '5 

502.543. 

12.  50 

% 

X 

T — I — I - 1 — I — I — I — I — I — I — I — 

□  P  0.3  0 . 

PD/V 


Model  Configuretior  with  15*  Bore-Rider  Cant  (83.15)— 
Mach  Nudber  2.00 


Figure  A2.  Continued 


AWING  NGUEM  GOLF  F. 


1 


N'uMSER 

MACH 
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